Immune thrombocytopenia (ITP) is an acquired disorder that generally occurs in sporadic individuals, but a few patients are grouped in families. The aims of the present study were: 1) to perform a retrospective descriptive study of a series of patients with familial ITP, and 2) to perform a literature review on familial ITP.
Introduction
Immune thrombocytopenia (ITP), also known as idiopathic thrombocytopenic purpura, is an immune-mediated acquired disease characterized by transient or persistent decrease of the platelet count and, depending upon the degree of thrombocytopenia, increased risk of bleeding 1 . Antibodies reacting against platelet glycoproteins can mediate destruction of platelets by the monocytemacrophage system as well as suppress megakaryocyte proliferation and maturation 2 . Although ITP is an acquired disorder that generally occurs in sporadic individuals, some cases have been described to occur in families. In 2011, the PARC registry on ITP (Pediatric and Adult Registry of Chronic ITP) reported that a small number of patients with ITP had relatives with thrombocytopenia and probably some of them were ITP 3 .
The Platelet Pathology Unit of the Hospital de la Santa Creu i Sant Pau (Barcelona, Spain), created in 1990, is a clinical and laboratory center specialized in the diagnosis and management of patients with uncommon platelet disorders, mainly of genetic origin. A large number of families with thrombocytopenia of uncertain origin were referred to the Unit and most of them were diagnosed with different types of platelet genetic disorders. However, a few of these families did not fit with any genetic disorder, instead they fulfilled the criteria for familial ITP defined as the presentation of ITP in 2 or more members of a family.
The aims of the present study were: 1) to perform a retrospective descriptive study of a series of patients with familial ITP, and 2) to perform a literature review on familial ITP.
Methods

Selection of the patients and families
From the database of the Platelet Pathology Unit of the Hospital de la Santa Creu i Sant Pau, over 28 years, we studied the medical records of patients and families that presented familial ITP. The criteria applied were:
The diagnosis of ITP required that the platelet count was lower than normal (< 150 x 10 9 /L) and that there was no other known causes of thrombocytopenia such as folate or vitamin B 12 deficiency, bone marrow hypoplasia or aplasia, hepatopathy and/or hypersplenism, disseminated intravascular coagulation, thrombotic thrombocytopenic purpura, alloimmune, genetic or drug-related thrombocytopenia, HIV infection, or any type of primary immunodeficiency or immune dysregulation disorder. In addition to the exclusion criteria, at least one of the following positive diagnostic criteria was required: 1) the finding of autoantibodies fixed on the platelet surface, 2) an isotopic platelet kinetic study demonstrating a shorter than normal platelet survival, or 3) a clear therapeutic response to corticosteroids, intravenous immunoglobulins (Ig) or other immunosuppressors, or splenectomy. If the ITP was associated with any other autoimmune disorder (AD), the patient was not excluded from the study. Instead, the AD was used to define the patient's characteristics.
The diagnosis of familial ITP required that at least 2 family members fullfilled the criteria for ITP. If other family members had thrombocytopenia but the data were not suficient to insure the diagnosis of ITP, these patients were recorded but not included in the study.
Our study was performed according to the Declaration of Helsinki and the study protocol was approved by the Institutional Review Board of the Hospital de la Santa Creu i Sant Pau.
Clinical and laboratory data
The demographic, clinical, and laboratory data of all patients were extracted from the medical records. The electronic platelet counts were performed using carefully calibrated electronic cell counters; however, since the patients were studied over several years, different cell counters were used. The microscopic platelet counts were performed by means of a Neubauer chamber. The observation of platelets by light microscopy was performed using blood films obtained directly (without anticoagulant) and stained with May-Grünwald-Giemsa. Platelet aggregates and/or giant platelets (these platelets of more than 4 µm in diameter) were evaluated.
The platelet serologic tests were performed with the direct and indirect immunofluorescence tests (eluate and serum studies) 4 . These tests provided evidence of autoantibodies bound to the platelet membrane and its Ig type. Also, variants of these tests revealed if there were cryptoantibodies and if these were EDTA-dependent 5 . The lymphocyte counts, the serum immunoglobulin levels and the laboratory autoimmune markers were recorded also.
Literature review on familial ITP
The combination of the concepts "immune thrombocytopenia" and "familial" was searched in the PubMed database from the beginning until July 2018. To locate "immune thrombocytopenia", we searched the terms: immune-autoimmune-or idiopathic-thrombocytopenia, immune-autoimmune-or idiopathic-thrombocytopenic purpura, ITP, Werlhof, purpura hemorrhagica, platelet autoantibodies, Evans syndrome, antiphospholipid syndrome, and antiphospholipidic syndrome. For the search related to "familial", we used the terms: familial, family, hereditary, siblings, relatives, sibship, and twins. All the articles cited as familial ITP (or their synonyms) in the published articles, were included also in our review. To accept the diagnosis of familial ITP in the published articles, 2 or more family members had to fulfill the same diagnostic criteria that was applied to our patients.
Results
Characteristics of our patients with familial ITP
A total of 16 patients with familial ITP, from 8 families, were included in the study. All of the patients were Caucasian. A summary of the data is described in Table  1 . In all families, 2 members were affected. The family relationships were mostly between a parent and a child. In family G there was another member with immune pseudothrombocytopenia. In some families (B, D, E) there were other family members (between 1 and 5) with thrombocytopenia of unknown origin. The median age of the patients was 31.5 years and the ratio women:men was 3:1. The patients had different bleeding manifestations mainly easy bruising or other types of mucocutaneous bleeding. The mean electronic platelet count was 50 x 10 9 /L (standard deviation 24) and the mean microscopic platelet count was 75 x 10 9 /L (standard deviation 34). Few and small platelet aggregates were observed in blood films of most patients. The presence of giant platelets was observed in approximately half of patients. The immunofluorescence tests revealed autoantibodies in the eluates of 10 patients (62.5%), mainly of IgG type sometimes combined with IgM type. In cases 1, 6 and 9, in addition to the autoantibodies, we detected EDTA-dependent cryptoantibodies of the same Ig type (data not shown).
Three patients with clinical bleeding and platelet counts below 20 x 10 9 /L needed to be treated with corticosteroids, alone or associated with intravenous IgG and/or rituximab. Among them, cases 15 and 16 showed improved platelet counts after treatment with corticosteroids. Case 12 did not respond and later was successfully splenectomized. Other 2 patients (cases 5 and 13) were treated transiently with corticosteroids and responded with increases in platelet counts.
Besides ITP, 7 patients (43.7 %) also suffered from one or more associated AD ( Table 1 ). The AD affecting thyroid function and lupus erythematosus were the most frequently found. These AD appeared before the onset of ITP, simultaneously, or after the ITP. Some patients had antinuclear antibodies, but without clinical manifestations of lupus and others had antiphospholipid antibodies without antiphospholipid syndrome. Lymphocyte counts and serum immunoglobulin levels were within normal límits except for case 6 where a slight increase in IgE was observed (data not shown).
Literature review on familial ITP
We found 60 cases of familial ITP in 20 families, reported in 20 articles [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . /L: E = by electronic counters, M = by microscopy c Pt morphology = platelet morphology on blood films: Agg = platelet aggregates, Giant % = giant platelets % d Diagnostic criteria applied: Pt-AA = platelet autoantibodies, Pt-kinetics = platelet kinetic study showing short platelet survival, TR = therapeutic response to immunosupressors or splenectomy e Ig = Ig class found on the eluate of the platelet serologic study by immunofluorescence: -= Ig not found, nd = Ig not determined f Associated AD = associated autoimmune disorder; in brackets it is indicated if the AD was simultaneous or it appeared before or after de onset of the ITP: Sjögren S = Sjögren syndrome, Graves D = Graves disease, Hashimoto T = Hashimoto thyroiditis, SLE = systemic lupus erythematosus, CLE = cutaneous lupus erythematosus g Associated AM = isolated autoimmune markers without clinical manifestations: ANA = antinuclear antibodies; APA = antiphospholipid antibodies affected and the other families had 3, 4, 5, and even 6 members affected. The familial relationships were between brothers and sisters in 13 families, including twins (1 family), monozygotic twins (4 families), and a combination of 2 monozygotic twins and 1 sister (1 family). Five families had several affected members with different kinship degrees and 2 families had both parents and children affected. Most patients were Caucasian but also Black 13, Chinese
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, and Arabic 18, 23 . Moreover, the 2 families reported by Ahmed et al. 18, 23 had some consanguineous marriages. The ages of patients were between 14 months and 85 years, with a median of 17 years. There were 37 women and 23 men (ratio women: men 1.7:1). The bleeding manifestations were diverse ranging from no bleeding to intracranial hemorrhage passing through different degrees of mucocutaneous bleeding. The platelet counts were diverse also, from 3 to 114 x 10 9 /L (mean 42, standard deviation 33). The platelet counts often varied over time in the same patient. We could not find a description of platelet morphology except the observation of large platelets in the patients reported by Bizzaro 15 and in one of the patients (case 2) reported by Roganovic 25 . The positive diagnostic criteria for ITP applied were the therapeutic response with immunosuppressors and/or the detection of antibodies on the platelet surface in most cases. Only in 3 patients, the criterion was a short platelet survival in the isotopic kinetic study.
Different types of associated AD were described in 20 patients (33.3 %). In all of them only one AD was detected, except in one patient who was 2 associated AD. Autoimmune hemolytic anemia was the AD most freqüent; it was reported in 9 patients from 4 families. Other types of associated AD found were lupus erythematosus, Graves disease, immune neutropenia, antiphospholipid syndrome, celiac disease and psoriasis. Most AD were diagnosed at the same time as ITP (11 AD) and they appeared less frequently before (3 AD) or after (5 AD) the onset of the ITP; for 2 AD the timing of onset was not reported. Isolated autoimmune markers without clinical manifestations such as antinuclear antibodies and/or double-stranded DNA antibodies were found in 2 families without clinical lupus. Antiphospholipid antibodies without antiphospholipid syndrome were found in 2 patients from 2 families. Some families also presented comorbid non-immune disorders. Two consanguineous families suffered from hereditary spastic paraplegia 18 and from joint hypermobility and mitral valve regurgitation 23 . The factor V Leiden was found in several members of 2 families 19, 20 . In one of these families 19 , the confluence of antiphospholipid syndrome with factor V Leiden contributed to the presentation of thrombosis even though they had low platelet counts; some individuals in this family had also migraine, leukocytosis and/or polycythemia.
Discussion
Because we attended many thrombocytopenic patients grouped in families, we were able to study 16 patients with familial ITP. In addition, we studied 60 patients with familial ITP reported in the literature.
Incidence of familial ITP
As far as we know, there is no study published on the incidence of familial ITP. In 2011, the PARC Registry on ITP 3 estimated that 2 % of children and 3 % of adults with ITP had other family members with thrombocytopenia. Although some of these thrombocytopenias could be immune-mediated, the precise proportion of ITP in these families was not reported.
The first article on ITP cited in PubMed was from January 1916 26 , although an indetermined number of articles had been previously published. Over the last 102 years we have detected only 76 patients with familial ITP, including our 16 patients. According to these data we can estimate the annual incidence of familial ITP around 0.74 cases/year. It is a very low incidence when compared to the general incidence of ITP, estimated between 1.9 and 6.4 x 105 cases/year 27 .
General characeristics of familal ITP
In our families with ITP, the parent-child relationship was the most freqüent, whereas in the published families the predominant relationship was among brothers and sisters including a high number of twins. It has been assumed that sporadic ITP occurs at any age, with a preponderance in childhood and in old age 3, [28] [29] [30] [31] [32] [33] . Also, it has been estimated that the frequency of ITP is higher in women in the mid-adult years, whereas in the rest of ages the frequency is equal in both sexes 3, [29] [30] [31] 34 . Our patients and those reported in the literature with familial ITP had ages and sex distribution more or less the same as previously described in sporadic ITP. However, patients in the published literature had a lower median age in contrast to our patients. This could explain, in part, the lower ratio women:men found in the published reports. Likewise, the type of bleeding in patients with familial ITP was similar to that described in sporadic ITP, that is, predominance of cutaneous-mucosal forms and heterogeneous intensity of bleeding 3, [29] [30] [31] [32] [33] 35 . Platelet counts were highly heterogeneous in patients with familial ITP, as well as those generally described in sporadic ITP 3, 28, 33, 35 . In the familial ITP patients reported, the mean platelet counts were lower and with a greater dispersion than in our patients.
Associated autoimmune disorders in familial ITP
More than 40 % of our patients had an associated AD ( Table 1) . Five of these patients (cases 6, 7, 8, 12, 14) were included in a previous study on shared autoimmunity . About one third of the familial ITP patients previously reported also had associated AD (Supplementary Table  1 ). Although there is no study of the global incidence of associated AD in ITP, there are studies on the incidence of some specific AD (revisited in-Segal and Powe, 2006) 37 . The incidence of associated AD in the 76 familial ITP patients in our study (own cases together with published cases) was higher than in sporadic ITP patients. For exemple, the incidence of lupus has been estimated as 3.1 % in sporadic ITP but in our study the incidence reached 6.6 %. Autoimmune hemolytic anemia (0.9 % in sporadic ITP and 11.8 % in our study) and AD affecting thyroid gland (1.1 % in sporadic ITP and 7.9 % in our study) are other examples. Unlike other studies on general ITP series [36] [37] we found a high proportion of hemolytic anemias, mainly in the familial ITP patients previously published. These anemias, as well as the immune neutropenias, tended to be initiated at the same time as the ITP like those described in sporadic ITP 36 . However, the other types of associated AD tended to be initiated before of after the onset of the ITP. As we stated in a previous article 36 and according to the suggestion of other authors 3 , we consider that the term "secondary ITP" in the consensus reports 1 should be reconsidered. The fact that the associated AD can appear indistinctly before, after or simultaneously with ITP, suggests a common cause leading to both conditions. The association of ITP with other AD is likely due to an overlap or "shared autoimmunity" caused by the interaction between genetic and environmental factors [38] [39] .
Diagnostic aspects
It is notable that, over 28 years, our center was able to diagnose 16 patients with familial ITP while in all published articles, over more than 102 years, only 60 familial ITP patients have been reported. It is possible that this discordance may be due to the familial presentation of the thrombocytopenia leading to the misdiagnosis of genetic thrombocytopenia instead of familial ITP.
The first steps in the diagnosis of ITP are to confirm the thrombocytopenia and to discard all of the exclusion criteria for ITP. To improve the diagnostic efficiency of ITP, the most used guidelines recommend to evaluate the peripheral blood films 34 . As a result, the misdiagnosis of genetic platelet disorders with giant platelets and pseudothrombocytopenia would be reduced. In our series, we performed microscopic platelet counts in addition to electronic counts (Table 1) . We found that microscopic counts were higher as it accounts in general laboratory practice [40] [41] . We observed platelet aggregates in some patients. Given that the platelet aggregates were generally few and small, and the thrombocytopenia persisted in the microscopic counts, the diagnosis of pseudotrombocitopenia was ruled out. The presence of large platelets is not rare in ITP. This could be due to the increase in young platelets [42] [43] . Giant platelets were prominent in blood films of patients from our families C and B. Therefore, we performed genetic studies and were able to exclude the diagnosis of MYH9-related disorder and Bernard-Soulier syndrome.
In the presence of thrombocytopenia without specific features, ITP is usually diagnosed by exclusion of other causes of thrombocytopenia 1, 29, 44 . However, if we only apply exclusion criteria, we could not disintinguish patients who have a familial ITP from patients who have a genetic thrombocytopenia with no apparent specific traits such as the thrombocytopenia related to mutations in ANKRD26 gene or in RUNX1 gene 45 .
In our study, we required positive criteria before concluding whether the patients we studied and those reported in the literature really had ITP. One of the positive criteria was the finding of autoantibodies on the platelet surface. The consensus reports on ITP do not include the antiplatelet antibody assays in the "basic evaluation" for the diagnosis; they are considered only of "potential utility" 34 . However, we thought that when we could find autoantibodies in the surface of platelets it had a great diagnostic value, especially if it was combined with clinical bleeding 46 . The finding of cryptoantibodies together with autoantibodies can occur in some patients with ITP. However, there is no confusion with pseudothrombocytopenia when proving that the thrombocytopenias persists in microscopic counts.
Another positive criteria was the shortening of platelet survival in isotopic kinetic studies. In the consensus reports, the platelet survival study was classified as a "test of unproven or uncertain benefit", but without any explanation to support this statement 34 . We considered that a shortened platelet survival in patients with negative antiplatelet antibodies was essential to establish the diagnosis of ITP. The kinetic study allowed also to evaluate the platelet turnover and the main site of platelet destruction 47 . The third positive criterion was a clear response to immunosuppressor treatment or splenectomy. Any thrombocytopenia secondary to a nonautoimmune cause would not respond or would do so in a weak and transient manner.
Limitations of the study
We did not pretend that the present study had epidemiological value due to the bias on the enrollment of our patients that could lead to an erroneous increased frequency of familial ITP. Moreover, the patients described in the publisehd articles were reported over a long period of time. Also, they came from different countries and ethnicities. Therefore, they are not an appropriate sample from the epidemiological point of view. Despite these limitations, we think that is useful to draw attention to the familial forms of ITP and to analyze their specific characteristics, as well as, to improve their detection.
Conclusions
To improve the underdiagnosis of familial ITP, we propose, firstly, to consider the existence of this disease when a familial thrombocytopenia has no demonstrable genetic cause, especially if the family has features of autoimmunity. Secondly, the need to use additional positive criteria (platelet autoantibodies, short platelet survival, therapeutic response), besides the exclusion diagnostic criteria to confirm the diagnosis of familial ITP.
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